The product of transcription of rat-liver chromatin with homologous rat-liver Form-B polymerase in vitro is high molecular weight RNA with sedimentation coefficients principally in the range of 18-45 S. The average size is somewhat smaller than that of the heterogeneous high molecular weight RNA synthesized by the endogenous enzyme in vivo (or in isolated nuclei). We have excluded the possibility that this difference can be attributed to degradation of the nascent RNA occurring under the conditions of our experiments. The size of the RNA produced by the homologous enzyme nevertheless approaches that of the natural transcripts much more closely than does that of the RNA produced by bacterial RNA polymerases, which we, in addition to other authors, have found to sediment around 10 S.
Chromatin can be transcribed by bacterial polymerases in vitro yielding a product that bears some similarity to RNA synthesized in vivo. In particular, sequence homology of the RNA synthesized by the endogenous enzyme in vivo and that made by the bacterial enzyme in vitro has been demonstrated by hybridization studies (1) (2) (3) (4) (5) . However, in several other respects, the RNA made by the bacterial enzyme does not appear to resemble the natural RNA products of transcription. The molecular weight of the RNA made in vitro is low (corresponding to 10S RNA), as evidenced by polyacrylamidegel electrophoresis (6) . It is known that the immediate product of chromatin transcription in vivo is high molecular weight, heterogeneous RNA with sedimentation coefficients ranging from 6 to 100 S (7) (8) (9) (10) . Moreover, nuclei incubated in vitro yield products of similar sizes to those made in vivo (11) . The experiments of Butterworth et al. (12) indicate that the homologous enzyme transcribes chromatin more efficiently than Escherichia coli RNA polymerase (12) . Moreover, the two enzymes appear to bind to different regions on the DNA since these authors could not demonstrate competition between them for the template (12) . We have examined the size of the RNA transcripts when rat-liver chromatin is incubated with exogenous RNA polymerase (Form B) from the same source. Our results provide the first direct evidence that the homologous enzyme produces a more natural RNA product than that produced by the hitherto extensively used bacterial enzymes.
METHODS

Preparation of chromltin
All operations were performed between 0 and 4°. Nuclei were prepared from about 20 g of rat liver by the method of Blobel and Potter (13) . The nuclei were resuspended by hand homogenization in 25 ml of homogenizing medium [0.32 M sucrose in TKM: 50 mM Tris HCl (pH 7.5)-25 mM KCl-5 mM MgCl2] and pelleted by centrifugation at 1020 X g for 5 min. Treatment with 25 ml of 0.5% Triton X-100 in homogenizing medium was followed by three successive washes in homogenizing medium. The nuclei were then washed with 25 ml of salt solution [0.01 M Tris HCl-0.14 M NaCl (pH 7.9)] (14) three times, stirring for 30 min each time. After homogenization with 25 ml of water, the chromatin was pelleted by centrifugation at 23,300 X g for 10 min. Approximately an equal volume of water was added to bring the DNA concentration to between 1.0 and 1.6 mg/ml.
Preparation of RNA polymerase All operations were performed between 0 and 4°. Nuclei from rat liver were prepared essentially as described by Chesterton and Butterworth (15) 105 ,650 X g for 60 min and the supernatant was loaded on a 10 cm X 2 cm column of DEAE-cellulose that had previously been equilibrated with TGMED containing 0.05 M ammonium sulfate. The column was washed with the same buffer until a protein peak had been eluted, and a linear gradient, consisting of 30 ml each of 0.1 M ammonium sulfate in TGMED and 0.5 M ammonium sulfate in TGMED, was applied at a rate of 40 ml/hr. 2.5-ml Fractions were collected into tubes containing 0.5 ml of glycerol and assayed immediately for RNA polymerase activity. Fractions containing activity were divided into 0.5-ml aliquots and stored at -70°. Incubation was terminated by the addition of 0.1 ml of icecold 0.1 M Na4P207 containing 2 mg of bovine-serum albumin per ml and the assay mixtures were frozen and stored at -20°before processing.
Incubations with chromatin
The normal assay mixture was scaled up to 500 pl, calf Four incubation mixtures of 0.5 ml each were prepared for each sample, to make a total of 2 ml. At the end of the incubation period, the mixtures were pooled, and two 0.1-ml aliquots were removed for counting. 0.2 ml of 10% sodium dodecyl sulfate (SDS) was added, and the precipitate that formed was collected by centrifugation at 4000 X g for 5 min. The precipitate was washed with 1 ml of 1% SDS, the wash was added to the previous supernatant, and the mixture was loaded on the sucrose gradient.
Extraction of RNA. RNA was extracted by the hot phenol-SDS method of Penman (18) . Since of scintillation fluid containing 1 ml of glacial acetic acid per liter (19) were added, and the samples were counted for 10 min in a Nuclear Chicago Mark II Liquid Scintillation Counter.
RESULTS AND DISCUSSION
Preliminary experiments were performed in order to determine the optimal conditions for obtaining a high yield of RNA in the transcription of rat-liver chromatin by the homologous enzyme. We found that 30 units of enzyme were required to saturate 36 lug of chromatin DNA (Fig. 1) . This differs from the results obtained by Butterworth et al. (12) , who were unable to saturate their chromatin template with much higher amounts of enzyme. We cannot account for this difference.
The time-course of RNA synthesis is shown in Fig. 2 . The maximum yield of RNA was obtained after 60-min incubation, after which no further net synthesis occurred. That endo-
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genous RNA polymerase activity of the chromatin was negligible is shown in Fig. 3 . The product of RNA synthesis in a 60-min incubation mixture was characterized by zonal centrifugation in sucrose gradients containing SDS. The distribution of radioactivity in the sucrose gradient of a control sample incubated in the presence of 0.02 M EDTA (which totally inhibits RNA synthesis) is shown in Fig. 4A . Since some unincorporated nucleotides are evidently retained by the filters, this pattern is superimposed on the test-gradient patterns to indicate RNA synthesis above the control level. The synthesis of high molecular weight RNA, sedimenting at rates equal to or greater than the 19S and 30S ribosomal RNA markers, is shown in Fig. 4B .
To assess the extent of nuclease activity, a third experiment was performed in which "C-labeled rabbit reticulocyte ribosomal RNA was added to the incubation mixture. The dis- tribution of radioactivity due to the synthesized [3H]RNA is shown in Fig. 4C , and that due to the added [14C]RNA is shown in Fig. 4D . Before incubation, the radioactivity profile of the "4C-labeled RNA resembled the absorbancy profile with the typical ratio of about 2.5:1 for the 30S and 19S components (results not shown). After incubation this ratio is only slightly changed, roughly equal amounts of radioactivity appearing in the two peaks. This result indicates that some degradation of this RNA occurred but that this was very slight. Two breaks in the 30S polynucleotide chain of 5000 nucleotides are required to reduce it to the size of 19S RNA. These breaks could have occurred for only a small fraction of 30S RNA chains to produce the observed result. A further assay for nucleolytic degradation was made by addition of a-amanitin to the incubation mixture at 60 min and examination of the molecular weight distribution of the RNA after a further 60 min of incubation. a-Amanitin completely inhibits the activity of Form-B polymerase (13) as confirmed by Fig. 5B in which the toxin was added at 0 time. By comparison of Fig. 6D and B, it can be seen that incubation of nascent RNA for 1 hr in the presence of a-amanitin does not appreciably alter the sedimentation profile. Moreover, when rat-liver ribonuclease inhibitor was added both at 0 time (Fig. 6C ) and together with a-amanitin at 60 min before a further 60-min incubation (Fig. 6E) (1973) mzfi__x-proportion sedimenting above 30 S (Fig. 6B) . These results are confirmed by an experiment in which the RNA was extracted from the incubation mixtures before analysis on sucrose gradients (Fig. 8) .
We conclude from these experiments that the transcription of DNA on chromatin templates, when the homologous enzyme is used, yields a heterogeneous population of products with sedimentation properties approaching that found in vivo. Some degradation of the product formed in vivo may occur, but this was scarcely detectable in the three types of assays used. The much smaller size of the product formed when bacterial enzymes transcribe chromatin DNA could be due to the recognition of incorrect initiation and termination sites on the DNA.
